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(57) ABSTRACT 

A user logic design for a mask-programmable logic device 
(“MPLD”) may be designed on a comparable or compatible 
user-programmable logic device (“UPLD”) and migrated to 
the MPLD, or may be designed directly on an MPLD. If the 
design is designed on a UPLD, the constraints of the target 
MPLD—i.e., differences betWeen the devices—are taken 
into account so that the migration Will be successful. If the 
design is designed directly on an MPLD, constraints of a 
comparable compatible UPLD are taken into account if the 
user indicates that the design Will be migrated to the UPLD 
for testing. This means that When a logic design is intended 
to be migrated back-and-forth betWeen a UPLD and an 
MPLD, only the intersection of features can be used. To 
facilitate migration, ?xed mappings betWeen pairs of 

(22) Filed: Jun. 23, 2004 devices may be created. 
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METHOD FOR PROGRAMMING A 
MASK-PROGRAMMABLE LOGIC DEVICE AND 

DEVICE SO PROGRAMMED 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This claims the bene?t of copending, commonly 
assigned US. Provisional Patent Applications Ser. Nos. 
60/480,917 and 60/483,525, ?led Jun. 23, 2003 and Jun. 26, 
2003, respectively, each of Which is hereby incorporated 
herein by reference in its respective entirety. 

BACKGROUND OF THE INVENTION 

[0002] This invention relates to mask-programmable logic 
devices, and more particularly to a method for programming 
a mask-programmable logic device that alloWs migration to 
and from a user-programmable logic device to alloW easier 
veri?cation and/or testing. 

[0003] Programmable logic devices, sometimes knoWn as 
“?eld-programmable gate arrays” (“FPGAs”) are Well 
knoWn. Early programmable logic devices Were one-time 
con?gurable. For eXample, con?guration may have been 
achieved by “bloWing”—i.e., opening—fusible links. Alter 
natively, the con?guration may have been stored in a pro 
grammable read-only memory. These devices generally pro 
vided the user With the ability to con?gure the devices for 
“sum-of-products” (i.e., “product term” or “P-TERM”) logic 
operations. Later, such programmable logic devices incor 
porating erasable programmable read-only memory 
(EPROM) for con?guration became available, alloWing the 
devices to be recon?gured. 

[0004] Still later, programmable logic devices incorporat 
ing static random access memory (SRAM) elements for 
con?guration became available. These devices, Which also 
can be recon?gured, store their con?guration in a nonvola 
tile memory such as an EPROM, from Which the con?gu 
ration is loaded into the SRAM elements When the device is 
poWered up. These devices generally provide the user With 
the ability to con?gure the devices for look-up table-type 
logic operations. At some point, such devices began to be 
provided With embedded blocks of random access memory 
that could be con?gured by the user to act as random access 
memory, read-only memory, or logic (such as P-TERM 
logic). More recently, such devices have been provided With 
specialiZed functional blocks, such as multipliers and mul 
tiplier/accumulator blocks for digital signal processing. 

[0005] In all of the foregoing programmable logic devices, 
both the logic functions of particular logic elements in the 
device, and the interconnect for routing of signals betWeen 
the logic elements, Were programmable. Such devices Will 
be referred to hereinbeloW as “conventional programmable 
logic devices” or “user-programmable logic devices” or 
“?eld-programmable logic devices,” With the latter not to be 
confused With the term “?eld-programmable gate array” 
Which is considered to be a subset of they type of device 
described by the three foregoing terms. 

[0006] More recently, mask-programmable logic devices 
have been provided. With mask-programmable logic 
devices, instead of selling all users the same device, the 
manufacturer manufactures a partial device With a standard 
iZed arrangement of logic elements Whose functions are not 
programmable by the user, and Which lacks any routing or 
interconnect resources. 
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[0007] To program a mask-programmable logic device, 
the user provides the manufacturer of the mask-program 
mable logic device With the speci?cations of a desired 
device, Which may be the con?guration ?le for program 
ming a comparable conventional programmable logic 
device. The manufacturer uses that information to add 
metalliZation layers to the partial device described above. 
Those additional layers program the logic elements by 
making certain connections Within those elements, and also 
add interconnect routing betWeen the logic elements. Mask 
programmable logic devices can also be provided With 
embedded random access memory blocks, as described 
above in connection With conventional programmable logic 
devices. In such mask-programmable logic devices, if the 
embedded memory is con?gured as read-only memory or 
P-TERM logic, that con?guration also is accomplished 
using the additional metalliZation layers. 

[0008] While conventional programmable logic devices 
alloW a user to easily design a device to perform a desired 
function, a conventional programmable logic device invari 
ably includes resources that may not be used for a particular 
design. Moreover, in order to accommodate general purpose 
routing and interconnect resources, and the sWitching 
resources that alloW signals from any logic element to reach 
any desired routing and interconnect resource, conventional 
programmable logic devices groW ever larger as more func 
tionality is built into them, increasing the siZe and poWer 
consumption of such devices. The routing of signals through 
the various switching elements as they travel from one 
routing and interconnect resource to another also sloWs 
doWn signals. 

[0009] The advent of mask-programmable logic devices 
has alloWed users to prove a design in a conventional 
programmable logic device, but to commit the production 
version to a mask-programmable logic device Which, for the 
same functionality, can be signi?cantly smaller and use 
signi?cantly less poWer, because the only interconnect and 
routing resources present on the device are those actually 
needed for the particular design. In addition, those resources 
are simple metalliZations, so there are no general purpose 
sWitching elements consuming space or poWer, or sloWing 
doWn signals. 
[0010] Nevertheless, heretofore the programming of 
mask-programmable logic devices has been accomplished 
by the provision to the manufacturer of the user’s program 
ming ?le for the user’s logic design as implemented a 
comparable conventional programmable logic device. The 
manufacturer Would then make its best effort to translate that 
design into the most ef?cient possible mask-programmed 
logic device. HoWever, the manufacturer could not in all 
cases implement the design as the user Would have done. 

[0011] For eXample, a user may have Wanted the device to 
operate at a certain frequency of operation. Or the user 
design may include certain numbers of certain types of 
components Which are available in different numbers in the 
different devices, so that the user Would design the program 
ming differently to account for such differences. The manu 
facturer could not necessarily deduce such desires from the 
con?guration ?le. 
[0012] Moreover, a suf?ciently sophisticated user might 
Want to create a design speci?cally for a mask-program 
mable logic device. Heretofore the necessary tools have not 
been available to alloW a user to do that. 
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SUMMARY OF THE INVENTION 

[0013] In accordance With this invention, a method, to be 
implemented With suitable computer- or microprocessor 
based programming equipment, is provided that allows a 
user to specify certain preferences in connection With the 
implementation of the user’s logic design in a mask-pro 
grammable logic device. In accordance With another aspect 
of the invention, a programming tool in accordance With the 
invention may alloW a migration of a design from one 
programmable logic device to another Without the need to 
completely recompile the design. According to a still further 
aspect of the invention, resource constraints resulting from 
differences betWeen otherWise comparable user-program 
mable logic devices and mask-programmable logic devices 
are taken into account to minimiZe failures in conversion of 
user-programmable logic device user designs into mask 
programmable logic devices, or vice-versa. A user may 
program a design for a user-programmable logic device, 
debug or test it in a user-programmable logic device, and 
then commit it to a mask-programmable logic device. Alter 
natively, the user may program a design directly for a 
mask-programmable logic device but migrate the design to 
a user-programmable logic device for prototyping/testing. 

[0014] One reason that the previously-knoWn design pro 
cess, in Which the design Was proven by the user in a 
user-programmable logic device before being migrated to a 
mask-programmable logic device by the mask-program 
mable logic device vendor, does not necessarily produce the 
best result in every case, is that mask-programmable logic 
devices have different resources than user-programmable 
logic devices—even than the most closely corresponding 
user-programmable logic devices. 

[0015] For eXample, in the HardCopyTM APEXTM family 
of mask-programmable logic devices available from Altera 
Corporation, of San Jose, Calif., Which is based on Altera’s 
APEXTM family of user-programmable logic devices, the 
mask-programmable logic devices are based on the same 
?oorplan as the user-programmable logic devices. Speci? 
cally, the arrangement of logic areas in any member the 
HardCopyTM APEXTM family of devices is the same as that 
in the corresponding member of the conventional APEXTM 
family of user-programmable logic devices. 

[0016] In the conventional APEXTM user-programmable 
logic devices, the interconnect resources, though program 
mable, are ?xed in number and location. Thus, each group 
ing of logic elements has a ?xed number of programmable 
interconnection lines to Which it can be connected. HoWever, 
the corresponding HardCopyTM APEXTM mask-program 
mable logic devices do not have such restrictions; although 
there are physical limits, essentially any connection can be 
made using appropriate metalliZation. Therefore, if a user 
designs logic for a conventional user-programmable logic 
device in the APEXTM family, the user design Will be 
optimiZed for the limited interconnect resources of that 
conventional device. Slavish copying of the interconnec 
tions from the APEXTM user-programmable logic device 
When migrating to a HardCopyTM APEXTM mask-program 
mable logic device may therefore be inef?cient if the avail 
ability of essentially unlimited interconnections Would alloW 
a more efficient design. 

[0017] By the same token, if a user designs a design 
directly for a mask-programmable logic device, but desires 
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to test or prototype the design in a user-programmable logic 
device, the conversion from the mask-programmable design 
to the user-programmable design may not Work because the 
mask-programmable design may rely on the ability to make 
unlimited connections by mask, and the limited number of 
interconnections available in the corresponding or compat 
ible user-programmable logic device may not be sufficient to 
support the design. 

[0018] These concerns are compounded in more recent 
devices, such as the STRATIXTM family of user-program 
mable logic devices, and the corresponding HardCopyTM 
STRATIXTM family of mask-programmable logic devices, 
both available from Altera Corporation. In those families of 
devices, there is not a one-to-one correspondence betWeen a 
member of one family and the corresponding member of the 
other family. Although the capabilities of corresponding 
family members are comparable, the number or, more likely, 
the placement, of logic elements or modules may vary, and 
in addition the number of auXiliary elements, such as user 
memories, may differ. Therefore, a logic design designed for 
one type of device, might not be able to migrate to the other 
type of device. Or even if the design can be migrated, it may 
not be possible to maintain the same relative placement of 
elements, even though in some user designs relative place 
ment might be important. 

[0019] The present invention includes a method of having 
a user prepare a logic design directly for a mask-program 
mable logic device Without ?rst preparing it for a user 
programmable logic device. The invention also includes, 
When doing so, taking account of any constraints of a 
corresponding or compatible user-programmable logic 
device (e.g., limited interconnection resources, or different 
?oorplan, as discussed above), at least When the user intends 
to prototype or test the logic design in a user-programmable 
logic device, so that the desired migration of the design to 
a user-programmable logic device Will be possible. 

[0020] The invention also includes a method of program 
ming a mask-programmable logic device by ?rst designing 
a logic design for a compatible user-programmable logic 
device. In this method, the design is migrated to a mask 
programmable logic device. As part of the method, the 
invention also includes taking account of any constraints of 
a corresponding or compatible mask-programmable logic 
device (e. g., feWer auXiliary resources, or different ?oorplan, 
as discussed above) When designing the user-programmable 
logic design, so that the desired migration to a mask 
programmable logic device Will be possible. 

[0021] As an extension of the latter method, after design 
ing the logic design in a user-programmable logic device and 
migrating it to a mask-programmable logic device, the user 
may desire to migrate the design back to a user-program 
mable logic device for prototyping/testing. In accordance 
With this eXtension, the method of the invention includes, 
having designed the original user-programmable logic 
design While taking account of constraints of the ultimate 
target mask-programmable logic device, further taking 
account, When migrating the design to a mask-program 
mable logic device, of constraints of the compatible user 
programmable logic device, at least When the user intends to 
re-migrate the logic design to a user-programmable logic 
device for prototyping/testing, so that the desired re-migra 
tion of the design to a user-programmable logic device Will 
be possible. 
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[0022] The invention further includes providing a trans 
formation that Will convert a design for a mask-program 
mable logic device, that has been converted from a con?gu 
ration ?le for a user-programmable logic device, back into a 
con?guration ?le for a user-programmable logic device, as 
Way of testing the original conversion to a mask-program 
mable logic device. As long as the conversion-back trans 
formation is not merely a mirror image of the original 
transformation (and it is preferable that it not be), if the 
con?guration ?le resulting from the transformation back 
operates as intended, then the original conversion can be 
assumed to have been valid. The con?guration ?le resulting 
from the transformation back can be tested by simply 
comparing it to the original con?guration ?le, by simulating 
its operation in softWare using knoWn techniques, or by 
actually programming a user-programmable logic device 
and testing the operation of the device. If the ?les are merely 
compared, identity may be proof of validity, and no further 
testing Would be necessary. HoWever, because more than 
one design may be functionally identical, lack of identity is 
not proof of invalidity and therefore a failed comparison 
preferably is folloWed up by a simulation, or by testing in an 
actual device. 

[0023] In order to facilitate the foregoing methods, the 
invention includes a further method of creating and main 
taining mappings betWeen different programmable logic 
devices. As stated above, the designs of early mask-pro 
grammable logic devices maintained essentially a one-to 
one correspondence With the compatible user-programmable 
logic devices. This made it easy to maintain, for eXample, 
spatial relationships among various logic elements (e.g., 
When the user invokes the LogicLockTM function available 
from Altera Corporation to keep certain logic functions 
physically near each other When synthesiZing a design). 
HoWever, as also stated above, neWer mask-programmable 
logic device designs deviate from one-to-one correspon 
dence With compatible user-programmable logic devices. 

[0024] Thus, a user-programmable logic device may 
include a 5x4 array of blocks of logic elements or modules, 
While its corresponding mask-programmable logic device 
may include a 7x3 array of blocks of logic elements or 
modules. It Will not be possible to include all of the ?ve 
blocks in the leftmost column of a design for the user 
programmable logic device in the leftmost column of the 
mask-programmable logic device, because that column 
includes only three blocks. The same may be true even When 
moving from one user-programmable logic device to 
another, or from one mask-programmable logic device to 
another. 

[0025] This is addressed according to the present inven 
tion by a method of mapping one programmable logic 
device to another, so that as betWeen any tWo devices, it is 
knoWn hoW to map the functions in a logic block of one 
device to a logic block in the other device. Thus in the 7x3 
vs. 5x4 eXample above, it Will be knoWn Which of the ?ve 
blocks Will not be mapped to the ?rst column, and moreover 
it Will be knoWn to Where they Will be mapped. The mapping 
may be done by hand or using an automated process that 
eXamines various alternatives and selects the most optimum 
mapping, taking into account the potential need to maintain 
nearest-neighbor relationships, and/or relationships betWeen 
logic blocks and input/output blocks. As betWeen any tWo 
devices, the mapping need be done only once, and then the 
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mapping may be used to migrate any design from one device 
to the other (subject to the other constraints discussed above, 
if applicable). Because each mapping need be performed 
only once for each device pair, doing the mapping by hand 
may be feasible. 

[0026] This mapping invention applies Whether any one 
device is mask-programmable or user-programmable. That 
is, mappings can be prepared betWeen a speci?c user 
programmable logic device and a speci?c mask-program 
mable logic device, betWeen a speci?c user-programmable 
logic device and a different speci?c user-programmable 
logic device, or betWeen a speci?c mask-programmable 
logic device and a different speci?c mask-programmable 
logic device. 

[0027] Thus, in accordance With the present invention, 
there is provided a method of programming a mask-pro 
grammable logic device to create a mask-programmed logic 
device that performs one or more desired functions. The 
method includes designing, for a user-programmable logic 
device compatible With the mask-programmable logic 
device, programming to perform the one or more desired 
functions, thereby creating one or more user-programmable 
logic device con?guration ?les. The one or more user 
programmable logic device con?guration ?les are operated 
on using a ?rst transformation function to create program 
ming for the mask-programmable logic device including one 
or more mask-programmable logic device con?guration 
?les. 

[0028] In addition, there is provided a method of program 
ming a mask-programmable logic device to create a mask 
programmed logic device that performs one or more desired 
functions. The method includes designing programming for 
the mask-programmable logic device to perform the one or 
more desired functions, thereby creating one or more mask 
programmable logic device con?guration ?les. The one or 
more mask-programmable logic device con?guration ?les 
are operated on using a transformation function to create 
programming for a user-programmable logic device com 
patible With said mask-programmable logic device, includ 
ing one or more user-programmable logic device con?gu 
ration ?les. 

[0029] Further, there is provided a method of creating 
programming that is compatible With more than one pro 
grammable logic device. The method includes designing 
programming for a ?rst programmable logic device, Wherein 
the designing comprises basing that programming at least in 
part on at least a second programmable logic device. 

[0030] Programmable logic devices programmed in accor 
dance With the foregoing methods also are provided. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0031] The above and other advantages of the invention 
Will be apparent upon consideration of the folloWing 
detailed description, taken in conjunction With the accom 
panying draWings, in Which like reference characters refer to 
like parts throughout, and in Which: 

[0032] FIG. 1 is a How diagram shoWing a previously 
knoWn programming method for a mask-programmable 
logic device; 
[0033] FIG. 2 is a comparative diagram shoWing potential 
differences betWeen a mask-programmable logic device and 
a user-programmable logic device; 



US 2004/0261052 A1 

[0034] FIG. 3 is a How diagram showing a ?rst preferred 
embodiment of a programming method, in accordance With 
the present invention, for a mask-programmable logic 
device; 

[0035] FIG. 4 is a How diagram shoWing a second pre 
ferred embodiment of a programming method, in accor 
dance With the present invention, for a mask-programmable 
logic device; 

[0036] FIG. 5 is a How diagram shoWing a third preferred 
embodiment of a programming method, in accordance With 
the present invention, for a mask-programmable logic 
device; 

[0037] FIG. 6 is a How diagram similar to FIG. 3 With an 
added veri?cation step; 

[0038] FIG. 7 is a diagrammatic representation shoWing 
differences in layout betWeen compatible programmable 
devices, shoWing mapping in accordance With the present 
invention; and 

[0039] FIG. 8 is a simpli?ed block diagram of an illus 
trative system employing a mask-programmable logic 
device programmed in accordance With the present inven 
tion. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0040] The present invention changes the How of the 
programming process for mask-programmable logic devices 
(“MPLDs”). Rather than simply taking a user con?guration 
?le for a conventional user-programmable PLD (“UPLD”) 
and having the MPLD supplier make its oWn judgment as to 
hoW the user Would Want the design implemented in an 
MPLD, the present invention provides enhanced user tools 
that alloW more of the process to occur under user control, 
and that alloW the user to input additional information 
during the process. 

[0041] In order to further enhance the process, the 
enhanced tools in accordance With the invention preferably 
incorporate-enhanced models of MPLD characteristics as 
discussed beloW. 

[0042] The invention Will noW be described With reference 
to FIGS. 1-7. 

[0043] FIG. 1 shoWs a previously knoWn method 10 of 
programming an MPLD. Those portions of the process that 
occur under user control are shoWn in dashed boX 11, While 
those steps that occur under the control of the MPLD 
supplier are shoWn in dashed boX 12. Method 10 presup 
poses that the MPLD to be programmed is an MPLD 
counterpart to a conventional UPLD, preferably from the 
same supplier. 

[0044] At step 110, the user enters a design for a conven 
tional UPLD, using the design tools provided by the supplier 
for that purpose, as is Well knoWn. At step 111 those tools 
compile the user design into a con?guration ?le 112. This 
preferably is the bitstream ?le that preferably contains the 
values (1’s and O’s) to be assigned to each con?guration bit 
of the UPLD for Which the user developed the design. A 
second ?le 113 may be generated containing a list of user 
constraints (e.g., the desired operating frequency of the 
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device). Preferably, the data in ?le 113 are incorporated into 
?le 112, Which is provided to supplier process 12. 

[0045] At step 120, con?guration ?le 112 preferably is 
disassembled. Using knoWledge of Which model of UPLD 
the design Was developed on, and the effect of each con 
?guration bit on that UPLD, disassembler 120 can determine 
the logical functions that the design is to perform. That 
information alloWs netlist generation step 121 to create a 
netlist of the functions to be provided on the programmed 
MPLD. The netlist preferably is processed at place-and 
route step 122, preferably using conventional place-and 
route tools, Which are Well knoWn, such as the APOLLO 
IITM place-and-route tool available from Synopsys, Inc., of 
Mountain VieW, Calif. (formerly available from Avanti 
Corp., of San Jose, Calif.). The results of place-and-route 
step 122 are used at step 123 to create the necessary 
metalliZations to program the MPLD. A timing report 1220 
may be produced after place-and-route step 122 that the user 
can use to verify that the desired timing relationships have 
been achieved. 

[0046] In deciding to convert a UPLD design to an MPLD, 
a user is frequently expecting to reap the performance 
reWards of the conversion. For eXample, a programmed 
MPLD performing certain functions may operate faster 
and/or cooler (at loWer poWer) than a corresponding pro 
grammed UPLD. HoWever, it may be possible—e.g., by 
location of functions in particular logic blocks and selection 
of particular routing for particular signals—to bias the 
performance improvements toWard one particular improve 
ment over another (e.g., speed over poWer consumption, or 
vice-versa). When the supplier gets con?guration ?le 112 in 
method 10, the supplier has very little information on Which 
consideration, if any, is more important to the user. While the 
supplier can make educated guesses about the user’s desires 
based on the design, those guesses may be Wrong, resulting 
in an MPLD design that, While functional, may be subop 
timal from a user perspective. 

[0047] FIG. 2 compares tWo devices. Device 130 is a 
hypothetical UPLD having tWenty blocks 131 (e.g., of ten 
logic elements or modules each) arranged in a 5x4 con?gu 
ration, While device 140 is a corresponding compatible 
MPLD having tWenty-one blocks 141 of logic elements or 
modules arranged in a 7x3 con?guration. Although they may 
have different die siZes, as compatible devices, each device 
130, 140 must ?t into the same eXternal environment. 
Therefore each preferably has the same package and pinouts, 
although the arrangement of input/output drivers 132 may 
differ. In this eXample, devices 130, 140 differ further in that 
UPLD device 130 has tWo user memories 133, While MPLD 
device 140 has only one user memory 143. Other differences 
may also eXist betWeen actual pairs of devices. And all 
UPLDs differ from all MPLDs in that the available routing 
on a UPLD is only that programmable interconnect structure 
provided by the manufacturer, While the only limits on 
routing in an MPLD are those resulting from the potential 
inability to lay out the metalliZations for some complicated 
routing plan desired by some user (e.g., because tWo many 
signal paths have to cross one another than can be accom 
modated by the available layers of metalliZation). 

[0048] When a user designs a design for UPLD 130, the 
user might have in mind that certain functions that produce 
signals used outside the device need to be nearer to the 
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input/output regions 132, but also that certain logic func 
tions that use one another’s results also should be near one 
another. Because of the different layout of the logic blocks 
131, 141, both of those goals might not be obtainable When 
migrating the user design to MPLD 140. 

[0049] Method 20 (FIG. 3) according to the invention 
attempts to give more Weight to user desires by giving the 
user more control over the process. Thus in user portion 21 
of method 20, after the UPLD design is compiled in step 111, 
the results are output not only to con?guration ?le 112, but 
also to an MPLD model 210 in Which the characteristics and 
responses of the corresponding MPLD—including the 
actual layout or “?oorplan” of the MPLD—are represented, 
in effect translating UPLD functions to MPLD functions, 
Which preferably are compiled at step 211. Preferably, the 
same compiling tool, preferably using the same algorithm 
and/or code base, is used in UPLD compiling step 111 and 
MPLD compiling step 211 (and MPLD compiling step 
410—see FIG. 5). It should be noted that by using the same 
compiler on the same user design, there is a high degree of 
con?dence, Without complex veri?cation, that a design that 
Works in a UPLD Will Work in an MPLD. MPLD model 210 
may be based on a device-to-device mapping as described 
beloW in connection With FIG. 7. 

[0050] The result of step 211 is a ?le 213 of timing 
constraints for the programmed MPLD, and a ?le 214 of 
placement constraints for the programmed MPLD. The user 
may provide input 212 to step 211 to guide the compilation 
at step 211. For eXample, if one of the user’s goals is to have 
a certain clock run 50% faster in the MPLD version than in 
the UPLD version, that can be entered by the user at step 
211, Which then Will “knoW” to favor speed over, e.g., 
reduced poWer consumption. 

[0051] While ?les 112, 113, Which may, as above, be a 
single ?le, are provided to disassembler 120 as in method 10, 
?les 213 and 214, Which also may be a single ?le, and Which 
contain timing and placement data for the MPLD, are 
provided to place and route step 122. In particular, these data 
include timing constraints that can be met by the MPLD that 
could not have been met by the UPLD (and therefore are not 
re?ected in ?le(s) 112/113) and placement constraints based 
on “knowledge” of the layout structure of the MPLD. With 
these data, the place-and-route tools have less to do, as the 
place function already has been performed. Thus, preferably 
the place-and-route tools perform substantially only routing, 
and then the MPLD is made at step 123 as above. 

[0052] In method 20, the user, as in method 10, de?nes the 
desired MPLD in terms of the corresponding UPLD. HoW 
ever, in designing the UPLD programming, the constraints 
of the ultimate target MPLD must be taken into account. 
Thus, part of the user input in UPLD design step 110 is an 
indication of Whether or not the design is ultimately intended 
for an MPLD. If it is, the constraints of the MPLD are take 
into account—i.e., the design tool does not alloW use of 
UPLD functions that Would accomplish the desired logic 
design, but Would not be available in a compatible MPLD 
because, e.g., of differences of the type described above 
betWeen UPLDs and MPLDs even When they are compatible 
With one another. 

[0053] In another preferred embodiment of the invention, 
in user portion 31 of method 30 (FIG. 4), the user de?nes the 
desired MPLD in terms of the MPLD itself in user design 
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310. This optimiZes the design for the MPLD, because the 
design is created With the structure of the MPLD directly in 
mind in terms of the numbers and positioning of the various 
resources. 

[0054] Design 310, and user inputs 212 of MPLD con 
straints such as, again, desired operating frequency, are input 
to MPLD compiler step 211, Which again outputs timing and 
placement constraints 213, 214. The output of step 211 is 
also input at step 311 to a model in Which the characteristics 
and responses of the corresponding UPLD are represented, 
in effect translating MPLD functions to UPLD functions, 
Which preferably are compiled at step 111. Step 111 again 
generates UPLD con?guration and constraint data 112, 113. 
Data 112, 113, 213, 214 are used in supplier portion 12 of 
method 30 just as they are in supplier portion 12 of method 
20. 

[0055] In addition, data 112, 113 are available in the event 
that the user Wants to program a UPLD to simulate the 
desired MPLD before committing to having the supplier 
make the programmed MPLD at step 123. HoWever, if the 
user intends to perform such a veri?cation in a UPLD, then 
the user preferably should indicate as part of inputs 212 that 
UPLD veri?cation Will be done. In such a case, the con 
straints of the UPLD are take into account—i.e., the design 
tool does not alloW use of MPLD functions that Would 
accomplish the desired logic design, but Would not be 
available in a compatible UPLD because, e.g., of differences 
of the type described above betWeen UPLDs and MPLDs 
even When they are compatible With one another. 

[0056] In a further preferred embodiment of a method 40 
shoWn in FIG. 5, the user again in user portion 41 de?nes 
the desired MPLD in terms of the MPLD itself in user design 
310. That design 310, and user inputs 212 of MPLD con 
straints such as, again, desired operating frequency, are input 
to MPLD compiler step 410, Which again outputs timing and 
placement constraints 213, 214, as Well as architecture ?le 
411 and user constraint ?le 412. In this case, the MPLD 
design does not have to be converted to a UPLD design 
simply to provide con?guration and constraint ?les 112, 113 
for use by a disassembler 120. Instead architecture and 
constraint ?les 411, 412 provided by compiler step 411 are 
used directly by netlist generator 121 of supplier portion 42 
of method 40, Which needs no disassembler 120. HoWever, 
the output of compiler step 410 may optionally be input at 
step 311 to a model in Which the characteristics and 
responses of the corresponding UPLD are represented, in 
effect translating MPLD functions to UPLD functions, 
Which may then be compiled at step 111. Step 111 in this 
case generates UPLD con?guration data 112, Which can be 
used, if desired, to program a UPLD to simulate the desired 
MPLD before committing to having the supplier make the 
programmed MPLD at step 123. Again, if the user intends to 
perform such a veri?cation in a UPLD, then the user 
preferably should indicate as part of inputs 212 that UPLD 
veri?cation Will be done. In such a case, the constraints of 
the UPLD are take into account, as discussed above in 
connection With method 30 (FIG. 4). 

[0057] It should be noted in connection With any of 
methods 20, 30 and 40 that if the user designs logic for one 
kind of device (UPLD or MPLD) With the intention that the 
logic be convertible to the other type of device (MPLD or 
UPLD), then not only Would the softWare not alloW the use 
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of functions that Would not be able to be translated from one 
device to another, but it preferably also Would check the 
required number of each kind of resource in the source and 
target devices and limits alloWable conversions to those in 
Which those numbers intersect—i.e., to those in Which there 
is no category of resource for Which the number used in the 
source device eXceeds the number available in the target 
device. Thus, for a design that uses feWer than all resources 
in a source device, that design might be convertible to a 
particular target device, but a different design in the same 
source device that uses more of one or more types of 

resources might not be convertible to that same particular 
type of target device. 

[0058] This aspect of the invention, Which may be applied, 
for example, at the synthesis stage of compiling step 111, 
preferably advises the user of a predicted failure When the 
design is entered, rather than having to Wait for an attempted 
conversion to fail, Which may be several hours later. If such 
a failure is predicted, the softWare may sWitch to, or advise 
the user to sWitch to, the neXt larger available target device. 
Alternatively, particularly Where the largest available target 
device is already being considered, then for certain func 
tions, that are implemented in one kind of resource in the 
source device of Which there are too feW in the target device, 
the softWare Will implement certain functions, or recom 
mend that user implement those functions, in different kinds 
of resources, if possible. 

[0059] Similarly, in migrating a function that Was imple 
mented on the source device in a particular type of resource, 
the softWare preferably Will not attempt to implement that 
function in the same type of resource on the target device 
When the target device lacks that type of resource; instead it 
Will model that function in other types of resources that are 
available. Note that this is true not only When migrating 
betWeen UPLDs and MPLDs, but even among devices of the 
same type that have different resources. 

[0060] FIG. 6 shoWs a method 60 similar to method 20 of 
FIG. 3, Wherein the user designs the logic for a UPLD and 
that logic design is then converted for use in an MPLD by 
disassembling con?guration ?le 112 at step 120 to create a 
netlist at step 121, Which is then placed and routed on the 
MPLD at steps 122, 123. In accordance With this aspect of 
the invention, as a veri?cation, the resulting netlist is repro 
cessed at step 1210 to generate a neW UPLD con?guration 
?le 1120. Con?guration ?le 1120 can then be tested at step 
1121 to see if a UPLD programmed With that ?le Will 
operate in accordance With the design. 

[0061] Testing step 1121 may take several forms. At one 
eXtreme, con?guration ?le 1120 could be used directly to 
program a UPLD, Whose functions can then be compared to 
the design speci?cation sought to be met. At the other 
eXtreme, con?guration ?le 1120 could simply be compared 
to original con?guration ?le 112. If the ?les are identical, the 
inquiry ends there. HoWever, if ?les 112 and 1120 are not 
identical, they still may result in devices that function 
identically. Therefore, further testing is necessary, Which can 
be performed as a simulation, or by actually programming a 
device. 

[0062] Reprocessing step 1121 should not be a simple 
mirror image of step 121. OtherWise, ?le 1120 Will alWays 
be identical to ?le 112 and errors in the resulting MPLD Will 
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not detectable. Rather, step 1121 preferably is Written inde 
pendently to convert the netlist at step 121 back into a 
con?guration ?le 1120. 

[0063] As discussed above, models 210, 311 are provided 
to model conversions betWeen UPLDs and MPLDs or 
vice-versa (and similar models may be used to convert 
among different UPLDs or among different MPLDs). 
According to a preferred embodiment of this invention, 
models 210, 311 (and any similar models) may be based on 
mappings of pairs of devices. These mappings are set up 
ahead of time for selected pairs of devices betWeen Which 
the need to map logic designs is foreseen. Thus, in particular, 
such mappings may be created for each MPLD and its 
corresponding or compatible UPLD. In some such cases, the 
mappings Will be a one-to-one correspondence, such as in 
the case of Altera Corporation’s APEXTM and HardCopyTM 
APEXTM products. In other types of devices, such as Altera 
Corporation’s STRATIXTM and HardCopyTM STRATIXTM 
products, Where the number and layout of resources differ as 
betWeen corresponding or compatible devices, the mapping 
might be more complex, but preferably Would be designed 
to maintain nearest-neighbor relationships, including rela 
tionships betWeen I/O blocks and logic blocks, so that 
designs migrated from one device to another operate as 
desired. This preferably is so even Where the aspect ratios of 
the devices differ. For eXample, if a UPLD having 100-by 
100 logic blocks is mapped to an MPLD having 500-by-20 
logic blocks, it is desirable to maintain nearest-neighbor 
relationships, and relationships betWeen logic and I/O to 
maintain performance. 

[0064] Consider, for example, a UPLD logic block in the 
rightmost column of logic blocks that is placed in that 
column so that is near an I/O block and a particular other 
logic block. Although there are only one-?fth as many logic 
blocks in the rightmost column of the target MPLD, in 
accordance With the invention a logic block in the rightmost 
column of the source device is preferably constrained to at 
least remain in one of the ?ve rightmost columns of the 
target device if it cannot be in the rightmost column of the 
target device. The other logic block Which is intentionally 
placed near the ?rst logic block in the source device Will also 
preferably be kept near the ?rst logic block in the target 
device. One preferred Way of accomplishing this is to 
maintain a one-to-one correspondence betWeen individual 
elements (e.g., logic blocks) in the tWo layouts. 

[0065] A smaller eXample is illustrated in FIG. 7, Which 
shoWs the differences, and mapping, betWeen a 5x4 UPLD 
70 and a 7x3 MPLD 71 as discussed above, With mapped 
input/output blocks, mapped logic blocks, and mapped 
memories, being similarly labelled. It can be seen that some 
logic blocks that in device 70 Were in, e.g., the ?rst column, 
and thus Were close to input/output blocks 132 are in, e.g., 
the second column in device 71, and thus further from 
input/output blocks 132. At least Where device 70 is a UPLD 
and device 71 is an MPLD, these placement differences 
should not signi?cantly affect timing because in the MPLD 
the signals are travelling on simple metalliZations, and 
therefore travel faster than the signals on the UPLD inter 
connect. 

[0066] It may be possible to automate the mapping pro 
cess. HoWever, the mappings can be done by hand, and 
because each mapping is on a device-pair basis, and is used 
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to map all conversions between devices in that pair, it only 
needs to be created once, making hand-mapping acceptable. 
Once the mapping is done, any conversion betWeen the 
devices in that pair can be accomplished simply by folloW 
ing the mapping. This aspect of the invention also can be 
used to map one UPLD-to-MPLD conversion to a different 
UPLD-to-MPLD conversion (i.e., Where the “target” MPLD 
changes), or even to map from one UPLD to another UPLD, 
Where the alternate target device has different dimensions, 
layout and number of resources than the original target 
device, as long as a mapping has previously been prepared. 
This aspect of the invention is particularly useful Where the 
original design is for a UPLD, because it preferably relies on 
the compiled UPLD design as a starting point for the neW 
target design. This avoids the need to run the place-and-route 
step on the neW design Which may take several hours. By 
using the compiled UPLD design, the alternative mapping 
can be displayed to the user in a relatively short time. 

[0067] Along the same lines, in accordance With another 
aspect of the invention, it has been observed that in a given 
family of PLDs and corresponding MPLDs, the MPLDs 
may have different numbers of certain types of resources 
such as the various types of logic blocks and memory 
elements. In accordance With this aspect of the invention 
(not shoWn), preferably the user softWare checks the 
required number of each kind of resource in the source and 
target devices and limits alloWable conversions to those in 
Which those numbers intersect—i.e., to those in Which there 
is no category of resource for Which the number used in the 
source device exceeds the number available in the target 
device. Thus, for a design that uses feWer than all resources 
in a source device, that design might be convertible to a 
particular target device, but a different design in the same 
source device that uses more of one or more types of 

resources might not be convertible to that same particular 
type of target device. 

[0068] This aspect of the invention, Which may be applied, 
for example, at the synthesis stage of compiling step 111, 
preferably advises the user of a predicted failure When the 
design is entered, rather than having to Wait for an attempted 
conversion to fail, Which may be several hours later. If such 
a failure is predicted, the softWare Will either sWitch to, or 
advise the user to sWitch to, the next larger available target 
device. Alternatively, particularly Where the largest available 
target device is already being considered, then for certain 
functions, that are implemented in one kind of resource in 
the source device of Which there are too feW in the target 
device, the softWare Will implement certain functions, or 
recommend that user implement those functions, in different 
kinds of resources, if possible. Similarly, in migrating a 
function that Was implemented on the source device in a 
particular type of resource, the softWare Will not attempt to 
implement that function in the same type of resource on the 
target device When the target device lacks that type of 
resource; instead it Will model that function in other types of 
resources that are available. Note that this is true not only 
When migrating betWeen PLDs and MPLDs, but even 
among devices of the same type that have different 
resources. 

[0069] A device programmed in accordance With the 
present invention may be used in many kinds of electronic 
devices. One possible use of, e.g., PLD 908 (an MPLD or 
UPLD) is in a data processing system 900 shoWn in FIG. 8. 
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Data processing system 900 may include one or more of the 
folloWing components: a processor 901; memory 902; I/O 
circuitry 903; and peripheral devices 904. These compo 
nents are coupled together by a system bus 905 and are 
populated on a circuit board 906 Which is contained in an 
end-user system 907. 

[0070] System 900 can be used in a Wide variety of 
applications, such as computer netWorking, data netWorking, 
instrumentation, video processing, digital signal processing, 
or any other application Where the advantage of using 
programmable or reprogrammable logic is desirable. PLD 
908 can be used to perform a variety of different logic 
functions. For example, PLD 908 can be con?gured as a 
processor or controller that Works in cooperation With pro 
cessor 901. PLD 908 may also be used as an arbiter for 
arbitrating access to a shared resources in system 900. In yet 
another example, PLD 908 can be con?gured as an interface 
betWeen processor 901 and one of the other components in 
system 900. It should be noted that system 900 is only 
exemplary. 
[0071] Various technologies can be used to implement 
PLDs and MPLDs as described above and With Which this 
invention is used. 

[0072] It Will be understood that the foregoing is only 
illustrative of the principles of the invention, and that 
various modi?cations can be made by those skilled in the art 
Without departing from the scope and spirit of the invention, 
and the present invention is limited only by the claims that 
folloW. 

What is claimed is: 
1. Amethod of programming a mask-programmable logic 

device to create a mask-programmed logic device that 
performs one or more desired functions, said method com 
prising: 

designing, for a user-programmable logic device compat 
ible With said mask-programmable logic device, pro 
gramming to perform said one or more desired func 
tions, thereby creating one or more user-programmable 
logic device con?guration ?les; 

operating on said one or more user-programmable logic 
device con?guration ?les using a ?rst transformation 
function to create programming for said mask-pro 
grammable logic device including one or more mask 
programmable logic device con?guration ?les. 

2. The method of claim 1 further comprising: 

processing said one or more user-programmable logic 
device con?guration ?les and said one or more mask 
programmable logic device con?guration ?les to create 
said mask-programmed logic device. 

3. The method of claim 2 Wherein said processing com 
prises: 

disassembling at least one of said at least one user 
programmable logic device con?guration ?les to gen 
erate a netlist. 

4. The method of claim 3 Wherein said processing further 
comprises: 

inputting said netlist to a place and route tool. 
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5. The method of claim 4 wherein said processing further 
comprises: 

inputting said at least one mask-programmable logic 
device con?guration ?le to said place and route tool. 

6. The method of claim 1 Wherein said at least one 
user-programmable logic device con?guration ?le com 
prises at least a bitstream con?guration ?le. 

7. The method of claim 6 Wherein said at least one 
user-programmable logic device con?guration ?le further 
comprises a ?le representing user constraints. 

8. The method of claim 1 Wherein said at least one 
mask-programmable logic device con?guration ?le com 
prises at least one of: 

(a) a ?le representing mask-programmable logic device 
timing constraints; and 

(b) a ?le representing mask-programmable logic device 
placement constraints. 

9. The method of claim 1 further comprising testing said 
programming for said compatible user-programmable logic 
device prior to creating said mask-programmed logic device. 

10. The method of claim 9 Wherein said designing com 
prises designing said programming for said compatible 
user-programmable logic device based at least in part on 
characteristics of said mask-programmable logic device. 

11. The method of claim 1 Wherein said designing com 
prises designing said programming for said compatible 
user-programmable logic device based at least in part on 
characteristics of said mask-programmable logic device. 

12. The method of claim 1 Wherein said ?rst transforma 
tion function includes a mapping betWeen said user-pro 
grammable logic device and said mask-programmable logic 
device. 

13. The method of claim 1 further comprising: 

using a second transformation function to convert said 
programming for said mask-programmable logic 
device to derived programming for said user-program 
mable logic device; and 

testing said programming for said user-programmable 
logic device. 

14. The method of claim 13 Wherein said testing com 
prises comparing said derived programming to said pro 
gramming designed for said user-programmable logic 
device. 

15. The method of claim 13 Wherein said testing com 
prises programming a user-programmable logic device With 
said derived programming and observing operation of said 
programmed user-programmable logic device. 

16. A mask-programmed logic device, programmed in 
accordance With the method of claim 1. 

17. A digital processing system comprising: 

processing circuitry; 

a memory coupled to said processing circuitry; and 

a mask-programmed logic device, programmed in accor 
dance With the method of claim 1, coupled to the 
processing circuitry and the memory. 

18. A printed circuit board on Which is mounted a mask 
programmed logic device programmed in accordance With 
the method of claim 1. 
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19. The printed circuit board de?ned in claim 18 further 
comprising: 

memory circuitry mounted on the printed circuit board 
and coupled to the mask-programmed logic device. 

20. The printed circuit board de?ned in claim 19 further 
comprising: 

processing circuitry mounted on the printed circuit board 
and coupled to the memory circuitry. 

21. A method of programming a mask-programmable 
logic device to create a mask-programmed logic device that 
performs one or more desired functions, said method com 
prising: 

designing programming for said mask-programmable 
logic device to perform said one or more desired 
functions, thereby creating one or more mask-program 
mable logic device con?guration ?les; 

operating on said one or more mask-programmable logic 
device con?guration ?les using a transformation func 
tion to create programming for a user-programmable 
logic device compatible With said mask-programmable 
logic device, including one or more user-programmable 
logic device con?guration ?les. 

22. The method of claim 21 further comprising: 

processing said one or more user-programmable logic 
device con?guration ?les and said one or more mask 
programmable logic device con?guration ?les to create 
said mask-programmed logic device. 

23. The method of claim 22 Wherein said processing 
comprises: 

disassembling at least one of said at least one user 
programmable logic device con?guration ?les to gen 
erate a netlist. 

24. The method of claim 23 Wherein said processing 
further comprises: 

inputting said netlist to a place and route tool. 
25. The method of claim 24 Wherein said processing 

further comprises: 

inputting said at least one mask-programmable logic 
device con?guration ?le to said place and route tool. 

26. The method of claim 21 Wherein said at least one 
user-programmable logic device con?guration ?le com 
prises at least a bitstream con?guration ?le. 

27. The method of claim 26 Wherein said at least one 
user-programmable logic device con?guration ?le further 
comprises a ?le representing user constraints. 

28. The method of claim 21 Wherein said at least one 
mask-programmable logic device con?guration ?le com 
prises at least one of: 

(a) a ?le representing mask-programmable logic device 
timing constraints; and 

(b) a ?le representing mask-programmable logic device 
placement constraints. 

29. The method of claim 21 further comprising testing 
said programming for said compatible user-programmable 
logic device prior to creating said mask-programmed logic 
device. 

30. The method of claim 29 Wherein said operating 
comprises designing said programming for said compatible 
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user-programmable logic device based at least in part on 
characteristics of said mask-programmable logic device. 

31. The method of claim 21 Wherein said operating 
comprises designing said programming for said compatible 
user-programmable logic device based at least in part on 
characteristics of said mask-programmable logic device. 

32. The method of claim 21 Wherein said designing 
comprises designing said programming for said mask-pro 
grammable logic device based at least in part on character 
istics of said compatible user-programmable logic device. 

33. The method of claim 21 Wherein said transformation 
function includes a mapping betWeen said user-program 
mable logic device and said mask-programmable logic 
device. 

34. A mask-programmed logic device, programmed in 
accordance With the method of claim 21. 

35. A digital processing system comprising: 

processing circuitry; 
a memory coupled to said processing circuitry; and 

a mask-programmed logic device, programmed in accor 
dance With the method of claim 21, coupled to the 
processing circuitry and the memory. 

36. A printed circuit board on Which is mounted a mask 
programmed logic device programmed in accordance With 
the method of claim 21. 

37. The printed circuit board de?ned in claim 36 further 
comprising: 
memory circuitry mounted on the printed circuit board 

and coupled to the mask-programmed logic device. 
38. The printed circuit board de?ned in claim 37 further 

comprising: 
processing circuitry mounted on the printed circuit board 

and coupled to the memory circuitry. 
39. A method programming a ?rst programmable logic 

device, said method comprising basing said programming at 
least in part on mapping, onto said ?rst programmable logic 
device, of programming for at least a second programmable 
logic device. 

40. The method of claim 39 Wherein: 

said ?rst programmable logic device is a mask-program 
mable logic device; and 
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said second programmable logic device is a user-pro 
grammable logic device. 

41. The method of claim 39 Wherein: 

said ?rst programmable logic device is a user-program 
mable logic device; and 

said second programmable logic device is a mask-pro 
grammable logic device. 

42. The method of claim 39 Wherein both said ?rst 
programmable logic device and said second programmable 
logic device are user-programmable. 

43. The method of claim 39 Wherein both said ?rst 
programmable logic device and said second programmable 
logic device are mask-programmable. 

44. The method of claim 39 Wherein said basing com 
prises selecting, from a library of mappings of structures of 
each one of a plurality of programmable logic devices onto 
each other of said plurality of programmable logic devices, 
a structural mapping of said second programmable logic 
device onto said ?rst programmable logic device. 

45. The method of claim 44 further comprising assem 
bling and maintaining said library of mappings. 

46. Aprogrammable logic device, programmed in accor 
dance With the method of claim 39 

47. A digital processing system comprising: 
processing circuitry; 
a memory coupled to said processing circuitry; and 

a programmable logic device, programmed in accordance 
With the method of claim 39, coupled to the processing 
circuitry and the memory. 

48. A printed circuit board on Which is mounted a pro 
grammable logic device programmed in accordance With the 
method of claim 39. 

49. The printed circuit board de?ned in claim 48 further 
comprising: 
memory circuitry mounted on the printed circuit board 

and coupled to the mask-programmed logic device. 
50. The printed circuit board de?ned in claim 49 further 

comprising: 
processing circuitry mounted on the printed circuit board 

and coupled to the memory circuitry. 

* * * * * 


